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mixed and separated from the middle shelf domain by the inner front, which is located nearly 23 along the 50 m isobath with spatial variability depending on the wind and tidal strength 24 (Kachel et al., 2002) . The coastal domain receives direct effects of river discharge. The 25 6 and bell to avoid contamination of airborne particles. The samples were immediately 1 brought into Clean Room of the vessel. An aliquot of seawater (250 ml) was filtered 2 through a 0.2 m precleaned Nuclepore filter (Coaster) by N 2 gas pressure using a closed 3 filtration system. The interior of the filter holder was rinsed with pure water and the filter 4 was exchanged for each sample. The whole line of the filtration system was rinsed with 5 pure water after all samples were filtered for each station. The filtered seawater was added 6
with HCl (TAMAPURE AA-10, Tama Chemicals) to a final concentration of 0.01 M and pH 7 2.2. This subsample was used for the determination of dissolved trace metals (D-M). The 8 other aliquot of seawater (250 ml) without filtration was added with a mixed acid to a final 9 concentration of 0.01 M HCl and 0.002 M HF (TAMAPURE AA-10), and used for the 10 determination of total dissolvable trace metals (TD-M). The low concentration of HF was 11 added to prevent adsorption to the walls of the bottles and precipitation of Al and Fe in high 12 concentration samples. 13
The seawater samples were stored at room temperature in our laboratory until 14 analysis. Preconcentration of the bioactive trace metals was performed 6 and 9 years after 15 collection, using the chelating resin on which ethylenediaminetriacetic and iminodiacetic 16 acids are immobilized (NOBIAS CHELATE-PA1, Hitachi High-Technologies). The details 17 of the analytical method have been reported elsewhere (Sohrin et al., 2008) . The trace 18 metals were collected from 120 ml of seawater that had been adjusted to pH6 just before the 19 preconcentration and eluted with 15 ml of 1 M HNO 3 . 20
Concentrations of D-M and TD-M in the eluent were mostly determined using an 21 inductively coupled plasma mass spectrometer (Elan DRC II, Perkin Elmer) by a calibration 22 curve method. The isotopes used for the determination were 27 Al, 55 Mn, 54 Fe, 59 Co, 60 Ni, 23 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 layer of BR007 and at the stations in the coastal domain are classified as ACW, because S was 23 less than 31.8. Waters in the surface layer of BR003 and 005 had S of 31.9-32.2, belonging 24 to BSW. The decrease in S and increase in T result in substantial depletion in density 25   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 hundredth of those in TD-Al and more uniform over the shelf, significantly high increases in 1 D-Al were observed at BR007, BR011, and BR012. It has been reported the polypropylene 2 caps of LDPE bottles can be a source of Al contamination (Brown and Bruland, 2008) . We 3 had cleaned the caps with hot 5 M HF to minimize the contamination. It is probable that the 4 increases were mainly caused by dissolution of Al from colloidal and suspended particles. 5
The large increases in TD-Al and D-Al occurred at stations where supply of terrigenous clay 6 minerals is expected from the Yukon River. It is likely that there were considerable 7 concentrations of colloidal Al in seawater. More rigorous pretreatment may be necessary to 8 determine the total concentrations of colloidal Al. These results clearly show that the 9 determined concentrations of trace metals are based on an operational definition. We expect, 10 however, TD-M that consists of D-M and LP-M can be a good measure of total bioavailable 11 metal. In this regard, concentrations of TD-M, D-M, and LP-M discussed in this paper are 12 focused on the analysis done after 9 years storage. The data of trace metals are summarized 13 in Appendix Table 1 . Obviously contaminated data were removed from discussion. 14 The dissolved concentrations of nutrient type elements, Ni, Cu, Zn, and Cd, were comparable 23 to those in deep water of the Pacific Ocean. Another striking feature is high percentages of 24 LP-species, of which concentrations are obtained as the difference between total dissolvable 25   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 and dissolved concentrations. Al and Fe were totally dominated by LP-species in deep water 1 at BR003. Ni, Cu, Zn, and Cd also showed significant concentrations of LP-species 2 throughout the water column at BR003, whereas they are negligible in the North Pacific 3
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Fe oxy-hydroxides and a short heating step to denature proteins and promote the release of 4 bound intracellular metals. The filter and associated refractory particulate material was then 5 microwave-bomb digested for total particulate (TP) metals. At station 13 (57. 7°N, 6 168.7°W) in the middle shelf domain, total particulate Al, Mn, and Fe were 10-40, 1-2, and 7 5-10 nmol/l in surface water, respectively. They reached to 290, 6.5, and 130 nmol/l in bottom 8 water, respectively. The fraction of leachable particulate M in TP-M accounted for ~35% for 9
Al, ~95% for Mn, and ~75% for Fe. TP-Zn was ~0.5 nmol/l and leachable particulate Zn 10 was ~0.1 nmol/l in a mixed seawater sample prepared from surface and subsurface waters. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 (Fig. 5) . 24
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